
6/30/03 1

Development of a Laser-
Induced Fluorescence Sensor

for Measurements of
Atmospheric Formaldehyde

Anne T. Case

GCEP Orientation

10 June 2003



6/30/03 2

Topics of Discussion

n Electronic Excitation of Molecules
and their Fate

n Formaldehyde Photochemistry

n Free Troposphere Studies

n Polar Studies

n Proposed Sensor

n Current Progress

n Future Work
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Electronic Excitation
• A molecule may be excited by adding energy,
usually UV or Visible light.  This causes one or
more electrons to move from a lower occupied
orbital or ground state, to a higher unoccupied
orbital or excited state.

Ground State

Excited State

Absorption of h_

AB

AB*
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Pathways of Excited
Molecule

AB + h_ AB*

chemical reactionBC + AAB* + C

nonradiative decayABAB*

phosphorescenceAB + h_3AB*

fluorescenceAB + h_2AB*

quenchingAB + MAB* + M

photodissociationA + BAB*

photoionizationAB+ + e-AB*

ProcessProducts
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Formaldehyde
Photochemistry

n Formaldehyde photolysis is a significant source
of free radicals within the troposphere.
u  HCHO + hν        H2 + CO (R1)

u  HCHO + hν        H + HCO (R2) 

n Formaldehyde oxidation provides another
source of free radicals.
u  HCHO + OH        H2O + HCO (R3)
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Potential Radical Pathway

n Radicals in R2 can proceed to produce HO2

u H + O2 + M         HO2 + M (R4)

u HCO + O2             HO2 + CO (R5)

n In presence of NO, there is a cycle which
leads to ozone formation.
u HO2 + NO              OH + NO2 (R6)
u NO2 + hν           NO + O (R7)

uO + O2                    O3 (R8)
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Free Troposphere Studies
n HCHO contributes considerably to the total HOx (HO2 +

OH) production in free troposphere.
Fractional HOx Production Fractional HOx Production

Total HOx Production (Molecules/cm3 sec)  106 Total HOx Production (Molecules/cm3 sec)  106
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Model vs. Measurements
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Polar Studies
n Elevated concentrations of several trace gas species

including HCHO have been observed at the Poles.

Sumner and
Shepson, 1999

Photochemical-
ly activated
radical chem.

w/in snowpack

52-690 pptv/
150 pptv

Alert,Canada,
late Feb-late
April, 1998

Hutterli et al.,
1999

Degassing from
snow grains

230pptv/
100pptv

Summit,
Greenland,
June 1996

de Serves, 1994Long range
transport from
Eurasia

400 pptv/

10-30 pptv

Polar night
(Jan-Feb),
Alert,Canada,
1992

AuthorExplanation
for increase
[HCHO]

Mean
Measured

HCHO/Predict-
ed Gas-Phase
HCHO

Season,
Region, Date
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Proposed Sensor

Nd:YAG

Data
Acquisition

Vacuum Pump

Inlet

Roots Blower

Herriott Cell

Microchannel Plate with
Filter Pack

OPO
BBO Doubling

Crystal

532 nm

Online: 353.156nm

Offline: 353.2 nm

706 nm

OPO – Optical Parametric Oscillator
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Absorption
Spectrum of
HCHO
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Excitation of HCHO

X

A

v=0
v=1
v=2
v=3
v=4

353 nm 380-500 nm
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353 nm pump
wavelength

532 nm
leakage
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Signal Interferences

10.21354ClONO2

11275351.3OClO

15.8355BrONO2

~1228350-353BrO

~119.1353HONO

>0.9864353NO2

x1020(cm2)(nm)Species

* Species that tend to absorb around the same
wavelength may have the potential to fluoresce in the
same region as HCHO, thus interfering with our
signal
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Current Progress

Plot of formaldehyde concentration versus signal, shown with 2σ error bars and best fit line
for 10 sec averages.
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Future Work

n Continue to improve sensitivity

n Complete interference and quenching
testing

n Prepare for ANTCI (Antarctic
Tropospheric Chemistry Investigation)
in Antarctica in Nov.-Dec. 2003 and
for the possible formaldehyde
intercomparison in Colorado in the
spring of 2004
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